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[&\^]_a`b c dfeg_ h^ikjmlnegoqp6`lroqstluek_"egvnjmluekowp
x `vzy{vzlu]_"`v}|oq_"s^ig`~f`v
Szom`ldfegpKh^v
jms^sowzl x `u`|\^`z|\^`pGwbwc wh^ekigig`lqq*c qs	jmq`v
$X	w [&\^egv z`sOoqzls^u`vu`pluvSjrl¢¡Dom£¢ig`¤w`i^vlnnj)ln`my*¥¦oq#ln\t`§s	jwujwigik`ikeg¨Ijmluekowpow¥Ojw`p^`lneg|
jwigqoqzeglu\^_©|oqh^stik` x lnojª|oq_"s^z`vuvzek«tik`.¬	o¡;vuowig¤w` x `vuegqp^` x owph^p^vlnuht|lnhtu` x luuekjwp^qh^ikjw
_"`vz\^`v­[&\^`as	jwnjmikig`ieg_"s^ik`_"`pljmluekowpekv«	jwvz` x oqp¯®B°jwp x _8jm±w`vh^vz`8ow¥Dln\^`"s^zof|`vzv
qzoqh^s¥¦`Ij)lnh^z`vow¥Sln\tekv`pK¤{eguoqpt_a`plI­[&\^`z`vzh^igluekptBjwigqoqzeglu\^_-ekv}htvu` x ¥¦oqlu\^`oqsflneg_ h^_
vu\^jws` x `vzekwp²ow¥rjw`zo x yfp^jw_"ek|8|oqpt³^qh^nj)lnegoqp^v­B´h^_"`ueg|Ijwi§jwp x sO`¥¦oqu_ajwp^|`µz`vuhtigluvjwu`
s^z`vu`pln` x ¥¦oqaln\^`owstlneg_"ek¨jmlnegoqp¶ow¥l¢¡Dom£ x ek_"`ptvuegoqp	jwijwegz¥¦owekigv8¥¦oqµ|Ijwigh^ikjmlnegoqp^vsO`¥¦oqu_"` x
oqp·ln\^`6¥¦oqikigo¡ekptvzy{vzlu`_"v¸9jº¹»G¼¾½¿GÀXÁGÀÂÄÃKÅKÅ{Å²jwp x jÆ¼XÇÈÉ¹qÊGËmÃ·®6°®BÌÍvzy{vzlu`_"vÎj
ÊfÏwÂ{ÐOÀÑqÒÄÊ{¿tÓÔÕÊfÖf×qÃKÅ{Å¶ÈKØfÙfÚµ|ikh^vln`¡\^`z`Ûlu\^`egpln`z|oqptp^`|lnegoqpÜegv.u`jwigek¨` x ln\^zoqh^q\Ýj
Þ^ß{à Ð{áÐKØtÏK¿qÂtÏwÐ²Ôâq"®ª«tegluvãmvnÚv¡eglu|\ä­
åªæçMèzéê )ëwì stluek_"eg¨Ijmluekoqp}£í`pt`lneg|Sîigqoqzeglu\^_"vM£Oïh^ik`ïSðKh	j)lnegoqp^vä£df\	jms`s	jmnjw_"`luueg¨Ij)£
lnegoqp£§®B°D£D$jwnjwigig`igek¨jmlnegoqp6vzlnujmln`wy
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 `njws^sOoqls^vu`pKlu`htp^`&vzlunjmlqeg` x `&s	jwujwikiigegvnjmluekoqp x `hf~"p^e ¤q`jwhf~ x h^pajwigqoque ln\t_a`
pluekðKh^`2jwsts^ikegðKh	6i  oqstluek_"egvnjmluekoqp x `8¥¦oqz_a`8`p j uo x y{p	jw_"egð{ht`w­"!  |owh^ik`_"`pl"|oq_£
s^z`vuvzek«tik`6qes	jwig`v#ð{h^jmlnegoqp^v x ïh^ik`"`vzl"$vzoqikh·vuht x `va_ajwegigi jww`vlnze jwptqh^ikjwekz`vp^owp
vzluuh^|lnh^$v­%!  ek_"s^i_"`pKlnjmlnegoqp2`pµs	jwnjmikig]ig`}htluekigekvz`}ikj*igek«^ujwegueg`®B°`l§htlnegikegvu`i j ptowlnegoqp x `
qzoqh^sO`v x `s^uo{|`vuvuhtv­UÌ`v&$vzh^iglnjmlnv x `}s`z¥¦oqz_ajwp^|`vuoqpl&s^$vz`pl&vrsOoqh^Di  oqstluek_"egvnjmluekowp
x `s^zow³	igv x jwegik`v('mÌÄvzh^ik`vjwz|\^e ln`|lnh^z`vs	jwnjmikig]ig`vrvuh^e ¤mjwpln`v ¸Sh^p^` ¹»G¼¾½¿GÀXÁGÀÂÉÃKÅKÅKÅ*)
h^p6¼XÇKÈ ¹qÊOËmÃ*`lSh^pa|igh^vzlu` x `ÊfÏqÂKÐOÀÑqÒÄÊ{¿^ÓaÔÕÊfÖf×ÃKÅKÅÝÈKØ{ÙfÚ ekpln`u|oqp^p^`|l&v§s	jmh^p8v¡eglu|\
Þ^ß{à Ð{áÐKØtÏK¿qÂtÏwÐ²Ôâq"®ª«tegluvãmvnÚ­
+ ê X è -,  B ì sflneg_aegvnj)lnegoqpB£&îikqowue ln\^_"`pluekðKh^` £&ïð{h^jmlnegoqp^v x ïh^ig`£&jwujw_#lnze £
vnj)lnegoqp x `¥¦owu_"`£§®B°D£§d{lunjmlqeg` x `s	jwnjmikiigekvujmlnegoqp
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í`p^`lneg| îigqoqzeglu\^_"v"Ô íîvnÚrjmu` vz`Ijwz|\Ûjwigqoque ln\t_av«	jwvz` x oqpªln\^`*_a`|\	jwp^egvu_"vow¥Sp^jmlnh^ujwi
vu`ik`|luekoqpM­U[&\t`y8i jIy"oqpowp^`om¥äln\^`_"oqvzlDek_"sOoqzlnjwpls^zekpt|egs^ik`vow¥#Ìjwz¡egp¸ /;=EF$)G37
H $A/ ­woq\^pJIoqigi jmp x )MegpBlu\^`LKMONQP  v)Olu\^oqh^w\Klln\	j)l}\^`|oqh^i x egp^|oqzsownjmlu` egpÛj8|ow_asthtln`
jwigqoqzeglu\^_?vzh^|\ºjµlu`|\^ptekðKh^` )$lno.vzoqi ¤q` x eBR8|h^i l*stuoq«^ig`_"vln\tuoqh^w\`¤qoqightluekoqpM­[&\^egvlu`|\f£
p^egðKh^` )G|igoqvz`luoln\^`ikjI¡vrom¥p	j)lnh^z` )^h^vz`vjsoqsth^i j)lnegoqp2ow¥sOowlu`plnekjwiävzoqikhflnegoqp^vu`s^u`vu`plu` x
«yvlnuegp^qvow¥S«tekp	jmzy x ekqe lnvaÔ¦|Ijwigig` xTS 3=U:V/:VA/ oq  WW;5X/ Ú¡\^eg|\¯egvvuht«^_"eglzln` x lno
_ajwpy¾lnujwp^v¥¦oqu_ajmluekoqptvºÔ¦|Ijwigig` x q`p^`lneg|¯ows`njmluekoqptv.vuh^|\ln\	jml / S 
 5Y S U/A/ jwp x
:<;=Z
 Ú­[&\^`*soqsth^i j)lnegoqpBegvqowekp^alno8`¤qowig¤w` x h^uegp^aln\^`*q`p^`njmluekowp^v}jw||oq x egp^µlnoaln\^`
³^lup^`vzv ¤wjmikh^`§ow¥	ln\^`§ekp x eg¤{e x h	jwigvÎKln\^`p)w¡\^`pajvzlnjmlnegoqp	jwy vljmlu`egv u`jw|\^` x )Klu\^`sOoqs^h^ikjmluekoqp
\	jwvD|oqp¤w`uw` x lno*ln\^`rvuoqightluekoqpµow¥õln\^`rqe ¤q`p.oqstlneg_"ek¨jmlnegoqpstuoq«^ig`_2­U®ªowu`z`|`plni y)	Ìj¤{e x
íoqi x «`u6«^uoqhtq\líîvekpp^oqp¯|oqp¤w`~ºoqstlneg_"ek¨jmlnegoqpln\^`oqzyjwp x egpKluuo x h^|` x j x `|ekvzeg¤w`
ln\tuh^vlegp2ln\^`*íîv&u`vu`jwu|\B³^`i x Ô¦vu``-[]\^ Ú­
íîvjwu` x eB_M`u`pl¥¦uoq_?p^oqu_ajwiowstlneg_"ek¨jmlnegoqps^uo{|` x h^u`v.Ô¦`w­ ^­8vzek_"s^ig`µow|oqpmhtjmln`
quj x eg`plr_a`ln\^o x voqvzlu``s`vzl x `vz|`pl_"`ln\to x vnÚegp2_ajwpy.¡jIy{v*¸
è6ln\^`y.¡§owu±µ¡e ln\ªj|o x ekpt8ow¥ln\t`s^jwnjw_"`ln`vz`ljwp x p^owl&lu\^`s	jwnjm_a`ln`uvln\^`_avz`i ¤q`v)
è6ln\^`yµ¡Doqu±avueg_ htiglnjwp^`owh^vui y¡e ln\2j sOoqs^h^ikjmluekoqp.om¥#sowlu`plnekjwi«^ekp^jwzy8|o x ` x vzoqightlnegoqp^v)^p^owl
oqptigy¡e ln\6oqp^`vzoqikhflnegoqp)
è6ln\^`y"h^vu`rs^zoq«	jw«^egigekvlneg|rzh^ig`vÔ¦ln\t`rw`p^`lneg|oqsO`ujmlnowuvUjwu`jms^s^igek` x ¡e ln\as^uoq«^jw«^egike lneg`vnÚUjwp x
p^oml x `lu`u_"egp^egvzlneg| owp^`v)
è6ln\^`y¶egpK¤w`vlnegjmln`egpÜjvz`Ijwz|\Üvzs	jw|`|oq_"sowp^ekptÆj x j)ljw«	jmvu`9ow¥ln\t`vzoqightlnegoqp^v)¡\^eg|\
eg_"s^ikeg`vln\^jml&ln\^`y2|Ijwptp^owl&¥Õjwigiõekpluo8j"igof|jwiäoqstluek_*h^_ )
è6l¢¡§o6±w`yK¡§oq x vjmu`"ikegp^±m` x luoªíîva¸ `a6
 jwp x `a6Z
 ­ï~fs^ikownjmluekoqpow¥Uln\^`
vz`Ijwz|\Bvus^jw|`ekvreg_asOoqljwpljmlln\^`«O`qegp^p^egp^8ow¥$lu\^` íî s^zof|`vzv¡\^egik``~fs^igoqe ljmluekowp
egv x `vzekujw«^ig`¡\^`p6lu\^`*íîÉs^zof|`vzvregv|igoqvu`lnolu\^`qikow«	jwiäoqsflneg_ h^_2­
b	uoq_ jw«OoqhtlD³^¥ ln``pyq`jwuv)Oíîv§\	jI¤w`«``p.egpKluuo x h^|` x ekp2jm`uo x y{p	jw_"eg|vvz\	jwsO` x `vuegqp
s^zoq«^ig`_"vÔÕvu``GchteksO` de [ Q^ )K uekjwhf~ de ekpf[ Q^ )=g}h	jwqige jmu`igikj}ekp"[gI^Gjwp xµì «	jIyqjwvu\^e
egpT[ qa^S¡\^o6s^u`vu`pKluvqÌ;u`vuh^i lnv¥¦oqj2lunjwp^vzoqp^eg|a¬^oX¡jwuowh^p x j.¡egp^Bq`oq_"`luzytÚ­8[&\^`y
jwz`µ|ow_asthtljmluekowp	jwi yºvzek_"s^ig`2jwp x lu\^`yºjw||oq_"o x jmln`a¡§`ikiDlno x ekvz|oqplnegpKh^oqh^v"oq*p^oqpigegp^`Ijw
`p¤{eguoqp^_"`pKluv­D[&\^`yjwu`jw«^ig`lnooqsflneg_aeg¨`s^uoq«tik`_av&egp¤qoqi ¤{ekpt8vzek_*h^iglnjwp^`oqh^vui y.z`Ijwi )tegpln`£
q`}jwp x «o{oqig`Ijwpªs	jwnjm_a`ln`uv­[&\^`yª|oqhtpKloqp«Oowln\ªln\^`*`~fs^igoqnjmluekowpow¥ln\t` vu`jwu|\9vzs	jw|`
jwp x ln\t``ú~fs^ikoweglnjmlnegoqp6ow¥$lu\^`u`vuh^i lnv­§[&\^``~fs^igoqujmlnegoqp)	¡\^eg|\Bz`igek`voqp6j"s^vu`h x om£ njwp x oq_
vu`jwu|\ ) ekv¡e x ` lu\	jwp¯¡\^jmlegv*ow«tljwegp^` x ¡eglu\|ikjwvzvueg|Ijwi x `lu`u_"egp^egvzlneg|_"`lu\^o x v.Ô¦vuh^|\ jwv
ô#ô h úû 
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vzlu``s`vzl x `vu|`pl_a`ln\^o x vnÚ­[&\^`ikjmlzln`_a`ln\^o x vjmu` s^jwzluek|h^i jmui yª¡D`igij x jmstln` x lnoigof|jwi
ÔÕhtp^ek_"o x jwi ÚDoqstluek_"eg¨Ijmluekowp.s^uoq«tik`_av¡\t`u`jwvríîv&jwz`}_ ht|\6_"oqz`}uow«^h^vzl§¥¦oqp^oqp{£¢|owpK¤w`~
vue lnh^jmlnegoqp^v­ îp^omln\^`Dj)lulnujw|lueg¤w`¥¦`Ijmluh^u`egv ln\	j)lDíîv|Ijwpajws^stuojw|\aj_ htiglue £ oq«f`|lne ¤q`roqstlue £
_"ek¨jmlnegoqp6s^uow«^ik`_2­§°¢p2ln\	jml|jwvu` )Gvu`¤w`ujwi$|ue ln`uekj8jwz`ljw±m`pBegplno8jw||oqh^plvueg_ h^i ljwpt`oqh^vzigy
_"`Ijwptekp^aln\	j)lrlu\^`z``~fekvlnvjavz`low¥ oqsflneg_8jmiõvuoqightlnegoqp^vregp^vzlu`Ij x ow¥j"h^p^egðKh^`*owp^`Ô ¥¦oq&_"oqu`
x `ljwegikv)Dvz``fIowup·jwp x ´j)¥¦s^ikegowluekvegp [^ )Díowi x «O`zÛjwp x ek|\	jm x vzoqpÆegp [ ^oq"oqikowp^eegp
[  \^ Ú­&îvj8z`vuhtigl)äj x jmlja«	jwvu`*ow¥ owstlneg_ajwi$vzoqightlnegoqp^vekv|u`jmln` xx h^zekpt8ln\t` oqstluek_"eg¨Ijmluekowp
s^zof|`vuv­S[&\^`p)	«yµ|\^ofowvuegp^¡§`ekq\luv¥¦ow`Ijw|\6|zeglu`ze j )fln\^` x e_`z`pl x `|ekvzekoqp6_ajw±w`uv&¡egiki
oq«tlnjwegpªjmpªoqsflneg_8jmiävuoqightluekoqp2¥¦oqlu\^`egoX¡pªs^uow«^ik`_2­
[&\^`_ajwegp9|oqp^|`zpz`ikjmln` x lnoµlu\^`h^vu`om¥Díîv¥¦oq}jm`uo x y{p^_"eg| x `vzekqpÛegv}ln\^` |oq_"s^hf£
lj)lnegoqp	jwiO`a_oqzl§p^`` x ` x ¥¦oqSln\t`jw||h^nj)ln`}`¤wjmikh	j)lnegoqpow¥j x `vuegqp2|owpt³	qh^ujmlnegoqpµlu\	jml)fegpln\^`
|Ijmvu`ow¥Mj|uh x `rjwsts^ikeg|Ij)lnegoqp8om¥lu\^`&ln`|\tp^ekðKh^` )t_"egq\lDig`Ij x luohtp	jw||`stlnjw«^ig`|oq_"s^htlu`Slneg_a`
e ¥|oq_"s	jwz` x ¡e ln\_"oqz`|ikjwvzvueg|Ijwi§jwikwoque ln\^_"v­B°¢p j x^x egluekoqp ) \	jw x s^uow«^ik`_"vp^`` x «^egqq`
sOoqs^h^ikjmlnegoqp^vjwp x lu\^ekvDlnnjmp^vuikjmln`v x egu`|lni yµegplno\^egq\^`|ow_asthtljmluekowp	jwiO|oqvlnv­S° l&egv&j*¡e x `igy
jw||`sfln` x sOoqvue lnegoqp²ln\	j)laíîv|Ijwp²«O`.`a_`|lne ¤q`igy s	jmnjwigik`ikeg¨` x jmp x |Ijwp²egp s^uegp^|egs	jwilnjw±w`
¥¦h^igij x ¤mjwpljmq`.ow¥"Ô¦_ajwvuvzeg¤w`i y^Ú"s	jwujwikig`i&|oq_"s^htlu`ajwu|\teglu`|luh^u`v­Æ[&\^ekvasOoqekplaow¥r¤{ek`¡ ekv
«O`¥¦oqz` jwigi#_"owlne ¤mjmln` x «y2ln\^`¥Õjw|lrln\^jml¡eglu\^ekpj8q`p^`ujmlnegoqp²Ô¦eglu`ujmlnegoqpGÚ&ow¥lu\^`jmikqowue ln\^_ )
ln\t` ³^lnpt`vuv¤mjwigh^`vjmvuvuo{|ekjmlu` x lno`jw|\Ûekp x eg¤{e x h	jwiow¥Sln\^`sOoqs^hti jmluekowp9|Ijwp9«O``¤mjwigh	jmlu` x egp
s	jwujwigik`iZ­
[&\^`2s^u`vu`pKl8s	jwsO`ajweg_"vajml"s^u`vu`pKluekptºj9s	jwujwigik`ikeg¨IjmluekowpÆvlnnj)ln`my²ow¥}íîv¡\^ek|\Æekv
s	jwlneg|h^ikjwzigy ¡D`igivuhteglu` x lno¯oqstluek_"eg¨Ijmluekoqp s^uoq«tik`_avµ«	jwvu` x oqp x ekz`|lµvzlnjmln`ª|Ijwig|h^ikjmluekoqptv
|\	jwujw|lu`zek¨` x «y\^ekw\   |owvzlnvjwp x ikjwzq`8_"`_aowzy¯u`ðKh^egu`_"`plnv­°¢p¯lu\^`µ|oqpln`~{lom¥
íîv)Sln\t`vu`2|\	jmnjw|ln`zekvlneg|v"lnujwp^vuikjmlu`6egplnoÛ|owp^vzlunjwegplnv"oqp²ln\^`2`¤wjmikh	j)lnegoqp ow¥ln\^`.³^lup^`vzv
¤mjwigh^`v§jwvuvzof|e jmlu` x luo `jw|\egp x e ¤fe x h	jmiMow¥#jsows^h^ikjmlnegoqpä­ °¢pµs	jwzluek|ikh^jw)K¥¦oqSln\^`jws^s^igek|jmlnegoqp^v
|owp^vue x `z` x \^`u`egp¤qoqi ¤{ekp^jwpºh^p^vzluuh^|lnh^z` x qze x «^jwvu` x  b Ì4vuowig¤w`)¡D`\	jI¤q`µoq«^vu`z¤w` x
ln\^jml&qlnoq;ow¥õlu\^`luowljwi   lneg_"`}ekv§vusO`pl&egpln\^`}`¤mjwikh^jmlnegoqp.ow¥õ³^lup^`vzv¤mjwikht`v­[&\t`
«	jwvzek|6_"owlne ¤mjmlnegoqp·«`\^egp x _ajwpy `Ijwzigy vlnh x ek`vµow¥}jwujwikig`ií`p^`lneg|ªîikwoque ln\^_"vBÔZUíîvÚ
¡§jwv}lno.z` x h^|`ln\^` s^uo{|`vuvuegp^2p^`` x ` x luo.u`Ijm|\¯jmp9jw||`stlnjw«^ig`"vuoqightlnegoqpäÎõikjmlu`}oqp )ä|ojmuvu`
qujwekpDíîv «	jwvu` x vuh^«f£ sows^h^ikjmlnegoqp^v_"o x `igvjwp x _aegqujmlnegoqpoqsO`ujmlnowuv*¡D`z`.ekpluuo x h^|` x
jwp x ¡D`z`vu\^o¡p9lnoµ«^uegp^.eg_astuo¤q`_a`plnvoqpBln\t`|oqp¤w`uw`p^|`8ujmln`*ow¥S|ikjwvuvzek|jwiUíîvÔ¦vu``
¥¦oqD`~tjw_"s^ig` [g^ Úú­[&\^`}s^z`vu`pl&¡§oqz±µigek`vegp.«`l¢¡§``p2ln\^` x ekz`|ls	jwnjmikig`iMjws^s^zojw|\¡\^eg|\
|owp^vuegvzluvekp8|oqpt|h^zu`pluigyµ`¤mjwigh	jmlnegp^ln\^`r³^lnp^`vuvU¤wjmikh^`v§ow¥ä`Ijw|\egp x e ¤{e x h	jwiMom¥#j*sOoqs^h^ikjmluekoqp
¡e ln\^egp j9qe ¤q`pÆw`p^`njmluekoqp·jwp x )ln\^`2_"oqu`.vzoqs^\^egvzluek|jmln` x vzh^«f£¢sOoqs^hti jmluekowp^v«	jwvz` x Díîv
¡egikiõ«O`_aomlne ¤wj)ln` x egp2lu\^`vu`ð{ht`iÕ­D[&\^`*jwhtlu\^oqzvrz`¥¦`lno  jwpl
	f£¢jw¨[g+^õ¥¦owj"z`|`plz`¤{eg`¡
ow¥Uíîv­
ò¦ó$ôõò¦ö
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°¢pln\^`pt`~{l&vu`|luekoqp.¡D` x `vz|zek«O`ln\^`}w`p^`lneg|oqs`njmluoquvUln\	j)l¥¦oqu_lu\^`«^h^egi x ekp^«tiko{|±Kv
ow¥GoqhtSíî*­mîv ln\^egvSíî¾egv h^vu` x ¥¦oq$lu\^`oqstluek_*h^_ x `vuegqp"ow¥Ojw`uo x y{p	jw_"eg|&vu\	jwsO`v)q¡§` x `ljmeki
egpµvu`|luekoqp2ln\t`vu\^jws`s	jwujw_"`lnzek¨jmlnegoqp8s^uo{|` x h^u`m­°¢pvu`|luekoqpµb)¡§`s^u`vu`pllu\^`¥¦`jmlnhtu`v
ow¥ lu\^`h^p x `zigy{egp^.|oq_"s^z`vzvueg«^ik`¬^oX¡Évzoqi ¤q`­}[&\^` ¬^oX¡Évzoqi ¤q`ekv}«^jwvu` x oqp9jµ_"e ~f` x ³	p^e ln`
¤qowikh^_"`Iã)³	p^e ln`2`ig`_"`pKl® d  !Ü_"`lu\^o x·x `vuegqp^` x owp²h^p^vzluuh^|lnh^z` x lnze jwptqh^ikjw_"`vz\^`v­
°¢pvz`|luekowpf\ ){¡D`_"owlueg¤mjmlu`}jwp x ekpluuo x h^|`j*l¢¡Dom£¢ig`¤w`iMvlnujmln`wy"¥¦oqUlu\^`s^jwnjwigig`igek¨jmlnegoqpow¥j
q`p^`luek|jwigqoqzeglu\^_Ä|oqh^stik` x luoj}|ow_astu`vzvueg«^ig`¬^oX¡Ævuowig¤w`­ bekp^jwiki y)egpvu`|luekoqpa )wp{ht_a`ueg|Ijwi
jwp x s`z¥¦oqz_8jmp^|`u`vzh^i lnv&jwz`s^z`vz`pln` x ¥¦owUlu\^`oqsflneg_aeg¨Ij)lnegoqpow¥'mÌRjwegz¥¦oqegikv­  jwig|h^ikjmluekoqptv
\	jI¤q` «``p9sO`z¥¦owu_"` x owpBln\^`¥¦oqigiko¡egp^vzy{vln`_"v¸jµ¹K»	¼¾½K¿	ÀXÁGÀÂÄÃKÅ{ÅKÅ2jwp x j6¼XÇKÈ ¹qÊOËmÃ
®ª°®BÌ©vzy{vln`_"vÎj²ÊtÏwÂKÐOÀÑÒÉÊf¿tÓÜÔ¦ÊfÖt×qÃKÅKÅÝÈKØ{ÙfÚ.|ikhtvzln`.¡\^`z`lu\^`9ekplu`u|oqp^p^`|luekoqpÜekv
u`jwigek¨` x lu\^uowh^q\ Þ^ßfà Ð{áÐKØ^Ï¿qÂtÏwÐ²Ôâq"®ª«^e lnvnãmvÚ&vz¡e ln|\t`v­
 Ä0.
 +-
.
/, -%*$021
[&\^`U«	jwvzek|Uvzluuh^|lnh^z`§ow¥^jí`p^`lneg|Dîikwoque ln\^_ |oqp^vzekvlnv$ow¥tlu\^`U¥¦owikigo¡ekp^rvzlu`s^vD¸egp^e lnekjwigek¨`
njmp x oq_"i yjsows^h^ikjmlnegoqpow¥fekp x eg¤{e x h	jwigv)
	`¤mjwigh	jmln` lu\^`egp x e ¤fe x h	jmikv#¥¦oqigiko¡egp^&ln\^`ekõ³^lup^`vzv
ÔÕ|oqvzl ¥¦h^p^|luekowp	jwi Ú¤mjwigh^` )
jws^s^i yºw`p^`lneg|oqsO`nj)lnoqzv.ÔÕ|uoqvzvuo¤q`"jwp x _*htljmluekowpGÚluoBln\^`
sOoqs^h^ikjmlnegoqpajwp x qowluo
	Dh^plnegi^ln\^`«O`vzlUegp x e ¤{e x h^jwiGekvSu`jw|\^` x ­[&\^`&¥¦oqigiko¡egp^*vzh^«^vz`|luekowp^v
x `vu|zek«O`ln\t`q`p^`lneg|oqsO`nj)lnoqzvljm±{egp^2s	jwl}egpln\^`«tekp	jmzyª|o x ` x íî h^vz` x ekp9owh^}vzluh x y
Ô¦lu\^`ekp x eg¤{e x h	jwigvr`p^|o x egp^aekv x `vu|ueg«` x ekvvz`|luekowpBÚú­

 ! "#$%$'&()"*"% "%#+-,.0/
[&\^`avu`ik`|lnegoqpstuo{|`vzv egv«	jwvu` x oqp¯j2luoqh^zp	jw_"`pl jws^s^zojw|\ä­íigoq«	jwigi y)#ln\^`"lnoqhtup	jw_"`pKl
|owp^vuegvzluvµow¥s^ek|±Kegp^ºujwp x ow_ai y²l¢¡Doºegp x e ¤fe x h	jmikvÔ¦¥¦oqaj9lnoqh^zp	jw_"`pl8ow¥}vzek¨`219oq43â«tekp	jmzy
lnowh^up	jm_a`pl
5ÚD¥¦zoq_;ln\^`sOoqs^h^ikjmluekoqp6jwp x vz`ig`|lnegp^alu\^`«O`vzlrjm||ow x egp^lnoe lnv&³^lup^`vzv­S[&\^egv
«O`vzlegp x e ¤{e x h	jwiegvu`lnjwegp^` x ¥¦oqlu\^`p^`¡ sOoqs^h^ikjmluekoqpM­ [&\^`l¢¡Do2ekp x eg¤{e x h	jwigv jmu` lu\^`pÛs^htl
«	jw|±egpln\^`SsOoqs^h^ikjmlnegoqp*jwp x ln\t`Ds^zof|`vzv$egv#u`vljwln` x h^pteglueki{j&p^`¡soqsth^i j)lnegoqp*egv#|oq_"s^ig`lu` x ­
b	oq&_"oqu` x `ljwegigv)	vu`` ì `e e [  ' ^Z­
6 78"%$9$9;:)"* <"=>%)"
îvz`s^zo x h^|luekoqp x o{`vptowl|z`Ijmlu`p^`¡ ekp x eg¤{e x h	jwigv)#ln\t`|uowvuvuo¤w`oqs`njmluoqegvp^`` x ` x lno
egp^|z`Ijwvz` x e ¤q`uvue l¢y jw_"oqp^lu\^`Usoqsth^i j)lnegoqpä­  uoqvzvuo¤q` s^uo{|`` x v$ekpl¢¡§ovzlu`s^v­ beguvzl)wvlnuegp^qv
ow¥&lu\^`p^`¡igyºu`stuo x h^|` x soqsth^i j)lnegoqp²jwz`_ajmln` x jmlujwp x oq_ ÎSln\^egv|uoqvzvuo¤q`aows`njmluekoqp
egva_aj x `2¡e ln\Æj9s^uow«	jw«^egike l¢y2?A@­²df`|oqp x )D`Ijw|\·s	jweg"ow¥vlnzekp^wvahtp x `zqo{`v"|zoqvuvzekp^)£¢o¤q`
jwv}¥¦oqigigoX¡v¸}jwp9ekplu`q`sOoqvzegluekoqpCB9jwigoqp^lu\^`vzluuegp^2ekvvz`ig`|lu` x h^p^e ¥¦oqu_"i y9jmlujwp x ow_?egp
D KFEHGJI K(K )U¡\^`z`2G}egvalu\^`ªvlnzekp^¯ik`p^wlu\ ow¥}lu\^`6|\^uoq_"oqvzoq_"`vµjwp x l¢¡Doºpt`¡ vzluuegp^qv8jwu`
ô#ô h úû 
   e  S V W-! e	  7 E
|z`Ijmlu` x «y"vz¡§jws^s^egp^*jwiki	|\^jwnjw|ln`uvU«`l¢¡§``pµsOoqvzegluekoqptv B  Kjmp x GMekpt|igh^vue ¤q`igyÔÕvz``ekp beg^­
XÚú­[&\^`vz`l¢¡Doµp^`¡Rvlnuegp^qvz`s^ikjw|`ln\t`egrs^jwu`pKluvegp.ln\^`sOoqs^h^ikjmluekoqpM­
Parent  1
Parent  2 Crossover
offspring  1
offspring  2
1 2
1’ 2’
1 2’
1’ 2
k k
bekwh^u`q¸îpª`ú~tjw_"s^ik`ow¥$|zoqvuvzoX¤w`«`l¢¡§``pªl¢¡Doµs^jwu`pKluv
  ,#=> !) <"=>%"
[&\^`U_ htlnjmlnegoqp*ekvp^`` x ` x «`|Ijwh^vz`§z`s^zo x ht|lnegoqp jwp x |uoqvzvuo¤q`|jwp o{||jwvuegoqp	jwigi yiko{oqvu`Uvuow_a`
sOowln`pKlue jmiki y"h^vu`¥¦h^iOq`p^`lneg|_ajmlu`ze jwiÔ$K  vDoq P  vDjmlUs	jwzluek|h^ikjwSiko{|Ijmluekowp^vÚú­S®ªhtlnjmlnegoqpµegvSln\^`p
jwpegp^vzh^njwpt|`sOoqikeg|yµjwjmekp^vls^z`_ajmluh^u`}igoqvzvow¥#eg_asOoqljwplptowlnegoqp^v­°¢p2j «^egp	jwzy8`pt|o x ekpt
|owpKlu`~{l)lu\^ekvvzek_"s^i y"_"`Ijwptv|\	jwp^qegp^j<K&ekpluo*j Pjwp x ¤{eg|`&¤q`uvuj )Knjwp x oq_"igy )q¡eglu\8jvz_8jmiki
s^zoq«	jw«^egigegl¢y ? ÔÕvu`` bekt­ 'qÚ­
begqh^z`'f¸îÉvu|\^`_8j)lneg|*ow¥$vueg_"s^ig`*_*htljmluekowp
 !µ0259
 561 
#$&*
°¢p2ln\^`'wÌÉvu\^jws`oqsflneg_ h^_ x `vuegqpªs^uoq«tik`_av|oqp^vue x `u` x \^`z` )	ln\t`sOoqs^hti jmluekowp6om¥egp x e ¤{e x £
h	jwigvekvu`s^u`vu`plu` x «yjwek¥¦oqegivu\	jwsO`v­.î p^jmlnh^ujwiSs	jwujw_"`lnzek¨jmlnegoqp¯ow¥&jwegz¥¦owekigv*egv*j6sOoqegpKl
«ysOoqegpKloqp^` )f«	jwvz` x oqpln\t` x egvu|z`luek¨jmlnegoqp2ow¥õln\t`}vu\	jms`m­§d{h^|\6jwp2jws^s^zojw|\.s^z`vz`plnv&l¢¡Do
x uj¡«^jw|±Kv ¸
 egpoq x `Ulnooq«fljwegp.jw||h^ujmln`}z`vzh^igluv)tlu\^`vz\	jwsO`}\	jwvUlno«O` x `³	p^` x «Kyµj*igowl§ow¥#sowekplnv
jwp x e lµegv8¡D`igi±Kp^o¡p lu\	jmlaln\^`ª|oqp¤w`uw`p^|`ow¥íîv x `sO`p x voqp·ln\^`6pKh^_ «O`om¥
ò¦ó$ôõò¦ö
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s	jmnjw_"`lu`zvÔ¦vu``V[X\ ^ Úú­§° l\	jwvr«``pB`vzlnjw«^igekvz\^` x Ô¦vu`` [ Q^ Ú&lu\	jmlln\^`lneg_"`*|oq_"s^ig`~fegl¢y
ow¥Uvz`uekjwiSíîvekvow¥ CG	oq
   CG	 x `s`p x egp^2oqpln\^`vz`ig`|lnegoqp
vz|\^`_"`&h^vz` x )q¡\^`u` ekv$ln\^`Dsoqsth^i j)lnegoqpvueg¨`jwp x G x `p^owln`vln\t`§vzluuegp^ig`p^wlu\ ¡\^eg|\
egv x ` x ht|` x ¥¦uoq_ ln\^`pKh^_*«`ow¥$s	jwujw_"`lu`uvÎ
 lu\^`soqegpllnoasoqegplru`stu`vz`plj)lnegoqpegvp^omlr³tluln` x luoalu\^`|zoqvuvzoX¤w`}ows`njmluoq­S°¢p x `` x )
lu\^`|uoqvzvuegp^m£¢o¤w`&ow¥äl¢¡Doegp x e ¤fe x h	jmikv&_ajIyµ|u`jmln`rl¢¡§op^`¡ekp x eg¤{e x h	jwigvln\	j)ljwz`p^owp
jw`uo x y{p	jw_"eg|Ijwigigy.¥¦`jwvueg«^ig`8ÔÕvu`` b$ek^­SqÚ­
+
and
crossover
*
*
* * *
*
***
*
*
*
* * *
*
*
*
*
*
crossover
at this position
crossover
at this position
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¢£âíjwig`z±KekpÛquj x eg`plnv|ow_asthtln` x oqpÛ`Ijm|\luuekjwp^qig`"ow¥1 ) ­ begp	jwigigy )õln\^` UjwpÛîig«	j x j
igek_"e ljmluekoqpÛs^zof|` x htu`([ b(^ egvegpKluuo x h^|` x ekp9ln\t`ekpln`usOoqikjmlnegoqpÆÔ qÚrekpÛoq x `}luo.s^u`vu`¤q`"ln\^`
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îvvzlj)ln` x `Ijwzikeg`)w¡§`jwu`Dekpln`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vzln` x \^`z`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 `ðKh	j)lnegoqp^v­
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¥¦owu` ){lneg_"`egpKlu`qujmlnegoqp8_ h^vl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h^njm|yq­
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egvDj x oqstlu` x ­ îvuvzh^_"ekp^ln\	j)l   E #%egvU|oqp^vljwplDoX¤w`1 ) ÔÕegpaowln\^`¡§oq x v){j_ajwvuvUigh^_"s^ekptln`|\^p^egðKh^` egvrjws^s^igek` x luoln\^`ln`_"soqujwiäln`u_8Ú )^¡D`oq«tljmekpÛ¸
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¡\^`u`9# & #&%$# #(' ­îs^stigy{egp^j³	zvzloq x `ikegp^`jwueg¨Ijmluekowpluo2lu\^`¬	hf~    +  y{ek`i x v
ln\t`*´r`¡&luoqpf£¢igeg±w`¥¦oqu_*h^i j)lnegoqpF[ b^S¸
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¡\^`u` %     x `p^omln`vln\t`µjwvzvuo{|ekjmln` x qjw|oq«^ekjwp_8j)lnue ~­µîl*`Ijw|\lneg_"`avln`s)$lu\^`µjm«o¤q`
igekp^`jwvzy{vzlu`_ egvrjws^s^zo~feg_ajmln`igy2vzoqig¤w` x htvuegp^qjm|oq«^eõz`ikj)~tjmlnegoqp^v­
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ì p^|`j*p^`¡Ývu\	jms`r\	jwvD«``p x `ln`u_"ekpt` x h^vzekp^ln\^`s^uo{|` x h^z` x `vu|zek«O` x egpµvz`|lnegoqp. )Kln\^`
o¤q`njwigiõ|oq_"s^hfljmluekoqp^jwiä_"`vz\B\	jwvluo"«`h^s x jmlu` x s^uegoqluo8jp^`¡ ¬	o¡Ü|Ijwig|hti jmluekowpä­S°¢p6lu\^ekv
¡Doqu± )fjwp8htp^vzluuh^|lnh^z` xx y{p	jm_aeg|¬^h^e x _"`vu\8ekvUu`s^u`vu`pKlu` x «yajs^vu`h x o vlnzh^|luh^njwiG_"o x `i
¡\^`u`j³	|luegluekoqhtvrigegp^`Ijwvzs^uegp^aekvrjwvzvuo{|ekjmln` x ¡e ln\2`Ijm|\ª` x q`|oqptp^`|lnegp^al¢¡Do"¬	h^e x _"`vz\
¤q`zluek|`v
)
jwp x  " ­D[&\^`¤q`zluek|`vigo{|Ijmlu` x owp6lu\^` x o¡p^vzluu`Ijm_ jmp x hts^vzluu`Ijm_-«Ooqh^p x jwueg`v
jwz`µ\^`i x ³t~f` x ¡\tekig`µln\t`p^`¡ sOoqvue lnegoqp^v ow¥ln\toqvu`sOoqegplnvigof|jmln` x oqplu\^`8¡§jwigi§«Ooqh^p x jmzy
jwz` x `ln`u_"egp^` x ¥¦uoq_ vu\	jwsO`s	jwnjm_a`lnzek¨jmlnegoqpÝs^uo{|` x h^z`w­ [&\^`p)}lu\^`Ûp^`¡?sowvue lnegoqpÜom¥
ln\t`aegpln`uegoq}¤q`zlneg|`v egv x `lu`z_aegp^` x ¥¦uow_ ln\t`avzoqightlnegoqpÛow¥§j x ekvzs^i jm|`_"`pKl x ue ¤q`p¯stvu`h x o
vzluuh^|lnh^ujwi s^zoq«^ig`_-¤fekj.j2qjw|oq«^e e ln`njmlueg¤w`s^uo{|` x h^u`owp¯jms^s^uows^uekjmln` vzlj)lneg|`ðKh^egikeg«^zekh^_
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`ðKh	j)lnegoqp^v­[&\tekvSs^zof|` x h^z`ekvSj x jwstln` x ¥¦zoq_Éln\^`&¡Doqu±stu`vz`pln` x egp-bOjmu\	jmljwp x !#jwpln`ze
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¥¦oq&h^ptvzln`j x y.¬	o¡ vueg_ h^ikjmlnegoqpªoqp x y{p	jw_"ek|_"`vz\^`v­
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df`¤q`ujwi§sOoqvzvueg«^ik`µvzlnujmln`qeg`v |jwp«O`µ|oqp^vue x `u` x ¥¦owlu\^`µs	jmnjwigik`ikeg¨Ij)lnegoqpow¥lu\^`.íî «	jwvu` x
vu\^jws`oqsflneg_ h^_ x `vuegqp6_a`ln\^o x oqigoqwy x `vz|ueg«O` x egp2ln\^`s^z`¤{ekowh^vvz`|lnegoqp^v¸
èBj³	uvlvzlnujmln`wy9vln`_"v¥¦uoq_ ln\t`"¥¦owikigo¡ekp^2z`_ajwu±º¸¡eglu\^egpºj.qe ¤q`p¯q`p^`ujmlnegoqpÛow¥Uln\^`
q`p^`luek|Djwigqoqzeglu\^_ ) lu\^`D`¤mjwikh^jmlnegoqp om¥tln\t`S³tlnp^`vuv$¤mjwigh^`v jwvzvuo{|ekjmln` x lnoln\t`DsOoqs^h^ikjmluekoqp
egp x e ¤{e x h^jwikv x `³^p^`vªekp x `sO`p x `pl9s^uo{|`vuvz`v­ [&\tekv6_ajw±w`v9íîv6s	jwzluek|h^ikjwui y¶¡§`iki
vzh^eglu` x luo_ajwvuvzeg¤w`i y9s	jwujwikig`ivzy{vln`_"vÎ#¡D`jwigvuoµp^owln`ln\	j)ljµ_ajwvln`nãmvuikjI¤q`"jwsts^uojm|\
egvj.vzljmp x jw x |jwp x e x jmlu`¥¦oqlu\^`ek_"s^ig`_"`pKlnjmlnegoqp¯ow¥Sln\^egv}³	uvlik`¤q`iom¥Ds^jwnjwigig`igekvz_ )
`vusO`|ekjwigigy6¡\^`pªln\t` vueg¨`*ow¥lu\^`soqsth^i j)lnegoqp^vegvrqu`jmln`rlu\	jwpªlu\^`*j¤mjwegikjw«^ig`*pKh^_*«`
ow¥$s^zof|`vuvzoquvÎ
èBjvu`|oqp x vlnnj)ln`my|owp^vuegvzluvregp.|owp^|`pKlunjmluekpt"lu\^`s	jwujwigik`ikigek¨jmlnegoqp.`_Moqlnv&oqplu\^`}s^zof|`vzv
h^p x `zigy{egp^j³^lup^`vzvr¤mjwigh^``¤mjwigh	jmluekoqp2eÕ­ `m­Soqp.ln\^`¬	o¡Rvzoqi ¤q`­D[&\tekvjws^s^zojw|\.³	p x v
e lnv*_8jmekp²_"owlueg¤mjmluekoqpºekpºlu\^`8¥Õjm|l lu\	jml)¡\^`p²|oq_"s^ig`~³^`i x jwp	jwi y{vu`uv"jwz`µh^vz` x egp
|oqpmoqp^|lnegoqp¡e ln\ jBq`p^`luek|2jmikqowue ln\^_ ) ln\t`pln\t`.jwqqz`j)ln`µ|oqvzlow¥&³^lnpt`vuv¤mjwigh^`v
`¤wjmikh	j)lnegoqp^v|Ijmpz`s^z`vz`pl «O`l¢¡D``pqµluo6q  ow¥Dlu\^`lnomljwi$oqstlneg_"ek¨jmlnegoqp9lneg_"`w­î
dtU®BÌÆs	jwnj x ekw_Rekvs	jwlneg|h^ikjwzigy¡D`igiKvuh^e ln` x lnoln\^`Ueg_astik`_a`pljmluekoqp ow¥tlu\^ekvvzlunjmlu`wyOÎ
è6ln\^`aln\^eg x oqstluekoqp¯|oq_*«^egp^`v lu\^`8l¢¡Dojm«o¤q`µjws^s^zojw|\^`vjwp x |ig`IjwzigyÛy{eg`i x vj6l¢¡Dom£ ik`¤q`i
s	jmnjwigik`ikeg¨Ij)lnegoqp¶vzlunjmlu`wy·¡\^eg|\\^jwv.«``p¶|oqp^vue x `u` x \^`u`9jwp x ¡\^ek|\Ýegv x `ljwegik` x
egp·lu\^`6vu`ðKh^`iZ­ ì h^"|\^owek|`B\	jwva«O``pÆ_"owlne ¤mjmln` x «y²ln\^`2¥¦oqigiko¡egp^u`_ajwz±KvB¸ºÔXÚ
j.s	jwujwigik`iS¤w`zvuegoqpºow¥Uln\t`al¢¡Dom£ x ek_"`ptvuegoqp	jwi¬	o¡vzoqig¤w`¡jmv jI¤mjwegi jw«tik`ajwp x j x jmstln` x
luo¯ln\t`ªs^z`vz`pl.vzluh x y )Ô 'qÚ ¡D`B\	jI¤q`ªljwzq`lzln` x j x egvzluueg«^htlu` x _"`_"oqy dtU®BÌÍek_£
s^ig`_"`pKlnjmlnegoqpÛjwp x ¡§` x e x ptowl¡§jwpl}ln\t`u`vuh^i lnegp^.oqstluek_"eg¨IjmluekowpBlno{oqiõlno«O` igeg_ae ln` x
«y_"`_"oqzy¯|Ijms	jw|e l¢y¯|oqp^vlnujwekpluv)`vzs`|ekjwigigyº«`|Ijwh^vz`µln\t`µs^z`vu`plvzluh x y¡ekigiD³	p x
e lnvvu`ðKh^`iUekpe lnv*j x jwstlnjmlnegoqpÛlno6qÌ;vu\	jms`aoqstluek_"eg¨Ijmluekoqp¯s^uow«^ik`_"v)«	jwvu` x oqp_"oqu`
|oq_"s^ik`ú~jw`uo x y{p	jw_"ek|"_"o x `igv8ÔZ´jI¤{eg`£âd{lnow±w`v`ð{h^jmlnegoqp^v|owh^s^ig` x lno6jlnh^z«^h^ig`p^|`
_"o x `i ÚDjwp x )õÔÕÚS¡D`}«O`igek`¤q`}ln\^jml§lu\^`}j x oqstln` x s	jwujwigik`ikeg¨Ijmluekowp.vzlnujmln`wya¡ekigi x `³	p^`j
qo{o x vljwlnegp^m£¢sOoqegplD¥¦oqlu\^`|oqp^vzluuh^|lnegoqp.jwp x `¤mjwigh	jmluekowpµow¥õvzh^«f£ soqsth^i j)lnegoqp^vU«	jwvu` x
Uíîv­
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[&\^`s	jwujwikig`igeg¨Ijmluekoqpªvzlunjmlu`wy6j x oqstln` x ¥¦oqlu\^`¬	o¡ vuoqi ¤q`|oq_ «^egp^`v x oq_ajwegpBs^jwzluegluekoqptekp^
ln`|\^p^egðKh^`vµjwp x j9_a`vuvujwq`£ s	jwvzvuegp^¯stuoqqujw_"_"ekp^Û_"o x `iÕ­²[&\^`2h^p x `ui y{ekp^_"`vz\Æegvajwv£
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vuht_a` x luo"«`s	jmzlne lnegoqp^` x ekplno"vz`¤q`njwi#vzh^«^_"`vz\^`v)`jw|\ x `³	p^egp^8jvuh^« x oq_ajwegpä­jwvzek|jwigigy
ln\t` vnjm_a`03âoqi x 5vu`uekjwi|o x `egvqoqegp^alno«O` `ú~t`|htlu` x ¡e ln\^egp9`¤w`zyªvuht« x ow_8jmekpä­îs^stigy{egp^
ln\tekvs	jwujwikig`igeg¨Ijmluekoqp*vzlunjmlu`wyluorlu\^`Dstu`¤{egoqh^vzigy x `vu|zek«O` x ïShtik`$¬	o¡²vzoqig¤w`$u`vzh^i lnvekp*_ao x £
e ³	|Ijmluekowp^v&of||h^zekptekp.ln\t`_8jmekpluek_"`£ vzlu`s^s^egp^aiko{oqsegp2oq x `§luoljw±m`ekplno"jm||owh^ploqp^`oq
vu`¤q`njwiGjwvzvu`_ «^i ys^\	jmvu`vSow¥	lu\^`&vuht« x ow_8jmekp"u`vuh^i lnv) x `sO`p x ekp^oqplu\^`&oq x ` om¥Olu\^`vzs	jmlnekjwi
jws^stuoI~fek_ajmluekoqpªjwp x oqp.ln\t`p^jmlnh^z`ow¥$lu\^`lneg_"`*j x ¤mjwp^|egp^as^uo{|` x h^z`Ô¦`~fs^igek|eglãmek_"s^igeg|e lúÚ­
[&\^egvjwsts^uojm|\6`pt¥¦oqz|`v x jmlnjiko{|Ijwige l¢y)	jwp x lu\^`z`¥¦oqz`ekvvuhteglnjw«^ig`¥¦oqjwikiMs	jwnjmikig`iõ\	jm x £
¡§jwu`jwu|\^e ln`|luh^u`v­ bGowUlu\^`s	jmzlne lnegoqp^egp^*ow¥äln\t`h^p^vlnzh^|luh^u` x _a`vu\)fl¢¡§o«^jwvueg|vlnnj)ln`wek`v
|Ijmp «O`D|oqp^vue x `u` x ­ [&\^`D³^uvzl$oqp^`Uegv«	jwvz` x oqp*lu\^`Degplnzo x ht|lnegoqpom¥	jwp*oX¤w`zi jwsts^ekpt}u`qekowpjml
vuht« x ow_8jmekp"egpKlu`¥Õjw|`vSjwp x egv¡§`ikitvuh^e ln` x luo}ln\^`§_ae ~f` x ³	p^e ln`¤woqigh^_"`ãm`ik`_a`plU¥¦owu_ hti jmluekowp
|owp^vue x `z` x \t`u`ekpM­r®ª`vz\s	jwlne lnegoqp^v¡eglu\Bo¤q`uikjws^s^egp^\	jI¤w`j"_8jmekp x njI¡«	jw|±¸Sln\^`yªegpf£
|htUz` x htp x jwplU¬	ojmluekp^)£¢sOoqekplSoqsO`ujmlnegoqp^v­ [&\^`rvu`|oqp x sowvuvueg«^ig`vlnujmln`wy"ekvS«	jmvu` x oqpap^oqpf£
o¤q`uikjws^s^egp^_a`vu\·s	jwlne lnegoqp^vjwp x egp^|h^p^oÛ_"oqu`.z` x h^p x jwpl¬	ojmluekptm£¢sOoqegpKloqs`njmluekowp^v­
 Ý\^egik`ªh^s x jmln` x p^o x jwi&¤mjwigh^`v.jmu`6`~f|\	jwp^w` x «O`l¢¡D``p¶lu\^`Bvzh^« x oq_ajwekptvµegp¾o¤q`zi jms^s^egp^
_"`vz\²s	jwzluegluekowp^v)s	jmzlnekjwigigyj)ln\^`u` x ð{h^jwplne lneg`v"jwz`µ`~f|\	jmp^q` x «O`l¢¡D``p·vzh^« x oq_ajwegp^vegp
p^oqp{£¢o¤q`uikjws^s^egp^}oqpt`v­° l\	jmv«O``p oqh^`ú~fs`ueg`p^|`§ln\	j)l «Oowln\ln\^`Ds^uoqwnjw_"_"ekpt`a_oql jwp x
ln\t`sO`z¥¦owu_ajwp^|`vjmu`_aj)~feg_"ek¨` x ¡\^`p|oqptvue x `zekp^ptoqpf£¢o¤w`uikjws^stekp^ _a`vu\.s	jmzlne lnegoqp^v [ ^ ­
°¢pµlu\^`stu`vz`pl&vlnh x ya¡D`¡egikiO|oqptvue x `owp^`rluuekjwp^qig`¡e x `oX¤w`zi jwsts^ekpt_a`vu\s^jwzluegluekoqptvD¥¦oq
vu`|oqp x oq x `jw||h^ujmln`eg_astikeg|e lr|oq_"s^htlnjmlnegoqp^v­
6  :)"%=
 )    =>  #) 
[&\^`|o{oq x egp	jmluekowpµow¥õvzh^« x oq_ajwegp|Ijwig|hti jmluekowp^vDlu\^uoqhtq\µegpt¥¦oqz_8j)lnegoqpµ`ú~t|\^jwp^q`j)ljwlne ³	|ekjwi
«Ooqh^p x jmueg`v2ekv2eg_"s^ik`_"`pln` x h^vuegp^·|Ijwigigv2luo²¥¦h^p^|luekowp^v2ow¥*lu\^`¯®B°µigek«tnjwyq­[&\^`u`¥¦owu` )
ln\t`.s	jwnjmik`ikigek¨jmlnegoqp x `vz|zek«O` x jw«OoX¤w`6jwek_"v"jml"z` x ht|egp^lu\^`.|owvzlaow¥ln\^`³tlnp^`vuv"¥¦h^p^|luekowp
`¤mjwigh	jmluekowpÆ¥¦oqaj¯weg¤w`p¾egp x e ¤{e x h^jwiZ­ IroX¡D`¤w`)jmp^owln\t`aik`¤q`irow¥s	jwnjmikig`igekvz_ |IjwpÆ|ig`Ijwzigy
«O`a`ú~fs^ikoweglu` x \^`z`µjwp x egv x egu`|lni yÛu`i jmlu` x lno.ln\t`a«tekp	jmzyluoqh^up^jw_"`pl*jws^s^zojw|\jwp x ln\^`
|zoqvuvzo¤q`6oqsO`ujmlnoq­°¢ps^njw|lneg|` ) x h^zekp^ `jw|\Üw`p^`njmluekoqp )}ekp x eg¤{e x h	jwigv6ow¥*lu\^`9|htuu`pl
sOoqs^h^ikjmlnegoqpBjwu`lnz`Ijmlu` x s	jmek¡ekvz`wÎlu\^egv}jws^stikeg`vrlno8lu\^` vz`ig`|lnegoqp)M|uoqvzvuo¤q`)ä_*htlj)lnegoqpjwp x
³^lup^`vzv¥¦h^p^|lnegoqpB`¤wjmikh	j)lnegoqpBvln`stv­GI`u` )Oln\^`_ajwegpBu`_ajwu±2egvrlu\	jmlr¥¦oqrlu\^egvikjwvzlvzlu`s)Gln\^`
`¤mjwigh	jmluekowpow¥&ln\t`8³^lup^`vzv¥¦h^p^|luekowp^vjwvzvuo{|ekjmln` x lnoBlu\^`8l¢¡Do9vu`ik`|lu` x ekp x eg¤{e x h	jwigv) x `³	p^`v
egp x `sO`p x `plUoqsO`nj)lnegoqp^v­ º`\^j¤w`|\^oqvu`paluo`~fs^igoqe lln\^egv ¥Õjw|l h^vuegp^ln\^`§p^owlnegoqpow¥Os^zof|`vzv
qzoqh^s^v¡\^eg|\·ekvoqpt`.ow¥ln\^`._ajwegp²¥¦`Ijmluh^u`vow¥ln\^`6®B°`p¤{ekzoqp^_"`pl­²[¡Do¯wuoqh^stvjwu`
x `³	p^` x )`jw|\Ûow¥Sln\^`_?|oqpljwegp^egp^.ln\^`vujw_"`p{ht_ «O`ow¥Us^zof|`vuvz`vÎ$ln\tekvpKh^_*«`ekvqe ¤q`p
«y8lu\^`}pKh^_*«`ow¥#vuht« x ow_8jmekp^v§ekplu\^`s	jmzlne lnegoqp^` x _"`vu\M­D´ro¡ )t`Ijm|\.quoqhtsekv§u`vzsowp^vueg«^ig`
¥¦oqln\^``¤mjwikh^jmlnegoqpow¥&lu\^`µ³^lup^`vzv¥¦h^p^|lnegoqp¥¦oqjªqeg¤w`p egp x e ¤fe x h	jmiZ­ ¯`p^owlu`egps	jwvzvuegp^
ln\^jmlvzh^|\ÛjwpBjws^s^zojw|\«	jmvu` x oqpBs^zof|`vzv}quowh^s^v¡ekigi$«O`jmikvzoµegpKlu`z`vzluekpt.ekp6ln\^`*|oqpln`ú~{l
ow¥$vuh^«{£¢sOoqs^h^ikjmlnegoqp^v«	jmvu` x UíîvÎ^ln\tekv&¡egikiõ«O`|oqp^vze x `u` x egpBj¥¦htluh^u`¡Doqu±G­
ò¦ó$ôõò¦ö
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[&\^`*q`p^`njwivzluuh^|lnh^z`ow¥ lu\^` s^jwnjwigig`igek¨` x q`p^`luek|jwikwoque ln\^_ |oqp^vze x `u` x ekpBlu\^egvvzluh x yªekv
x `s^ek|ln` x oqp-beg^­}¡\^egik`Gbeg^­}¤{egvuh	jwigeg¨`vSln\t`r`¤mjwikh^jmlnegoqpavzln`s8htvuegp^l¢¡Dos^uo{|`vuvUquoqhts^v­
gen  =  0
initialize  randomly  population  P0
(main  loop  :  generations)
select  one  individual  I
select  one  individual  I
apply  crossover  between  I  and  I
apply  mutation  to  offspring1  and  offspring2
offspring  1
offspring  2
individual  I’
individual  I’
gen  =  gen + 1  (new  population  Pgen )
BEGIN
END
For  i = 1,popsiz  (pairwise)  *
End  For
End For
2
1
1
2
1
2
1 2
REPEAT
UNTIL gen  >  gen  max
** evaluate  individual  i
** evaluate  individual  i+1
** evaluate  individual  I’
For  i = 1,popsiz  (pairwise) *
*
** evaluate  individual  I’
**
First  level  of  parallelization  (process  groups  :  2  individuals
treated  in  2  groups )
Second  level  of  parallelization  (computation  of  the flow)
begqh^z`t¸Dí`p^`ujwiävzluuh^|lnh^z`*om¥$lu\^`s	jwnjmikig`igek¨` x íî
ô#ô h úû 
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P1
P2
P3
P4
Individual  I1 Individual  I2
J1 J2
Group  1
P’2
P’1
P’4
P’3
Group  2
Example  with  8  processes
bekwh^u`t¸[&\t`*s^zof|`vzvqzoqh^s6jws^stuojw|\2¥¦oqlu\^``¤mjwigh	jmlnegoqp6ow¥l¢¡§oaekp x eg¤{e x h	jwigv
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[&\^egvvu`|luekoqp.egv_ajwegp^i y x `¤qomln` x luoj x `ljwegig` x `¤mjwigh	jmluekowpow¥õln\t`sO`z¥¦owu_ajwp^|`vow¥õlu\^`stuom£
sOoqvu` x s	jwnjmikig`igek¨jmlnegoqpvlnujmln`wy¯¥¦owíîv­Jb	oqln\^egvu`jwvuowp)¡D`.\	jI¤q`|oqp^vue x `u` x j6vuegp^qig`
ln`vzl|jwvu`¡\^eg|\Ûekvj x ekz`|lowstlneg_"ek¨jmlnegoqp9s^zoq«^ig`_2Îõln\^`wojwiegvluo.oq«tljmekplu\^`vu\^jws`om¥§j
 átÃ{ÃKÃµl¢yfsO`*jwek¥¦oqegiä|oqzu`vusOoqp x egp^8luoalu\^`_aegp^eg_"ek¨jmlnegoqpBom¥$lu\^`*vz\^o{|±£ ekp x h^|` xx ujw^­U°¢p
oq x `luo x o.vzo)¡D`|oqptvue x `}lu\^``~{lu`up^jwiïh^ig`¬	o¡ jwuowh^p x j  áfÃ{ÃKÃªjmek¥¦oqeki§Ô 1
	}ekp^|e £
x `p^|` )#¥¦z``vzlnz`Ijw_Í®Bjw|\pKh^_ «O`}³t~f` x luo2t­ mÚ­[&\^`p^owpf£¢igekpt`Ijw|oqp¤q`zq`pt|`"lnoqig`ujwp^|`
\	jwv«O``p6³t~f` x lno KP 4 ­[&\^`|oqvlr¥¦htp^|luekoqp^jwiõekv x `³	p^` x «y9¸
    &21  KP,1 I 1 @ 9    1  1
¡\^`u`  u`s^u`vu`pKluvUlu\^`rjwegz¥¦oqegi^vu\^jws` ) 1Ûegvln\^` x njw|o{`aRa|ek`pKl) 1*ekvln\t`rige ¥ lS|o{`aRa|eg`pl)1 @ 9    1 egvDln\t`|oq_"s^htln` x ike ¥ lD|o{`aRa|eg`ploqpaln\^`  áfÃ{Ã{Ã^­S[&\^`jwek_;egvDluo u` x h^|` 1¡\^egig`
s^z`vu`z¤{egp^ 1 @ 9    1 ­ [&\t`r|oq_"s^htlnjmlnegoqp	jwit_a`vu\8|oqp^vzekvlnvUow¥Ib mb ¤q`lneg|`vÔIq¤q`zlneg|`vDowp
ln\t`jwek¥¦oqegi Újwp x 'mqO\mbluuekjwp^qig`v*ÔÕvz`` beg^­qÚ­.I`u` )^¡§` x o"p^owl`pln`egplnoln\^` x `ljwegigvrom¥
ln\t`íî s	jwnjm_a`ln`uvjwv§lu\^`}oq«{`|lueg¤w`ekv&p^omllnojmvuvu`vuv&ln\t`|oq_"s^ig`lu`oqstlneg_"ek¨jmlnegoqp.s^zof|`vzv
¥¦oqr¤wjmuegoqh^v}|oqpt³	qhtnjmluekoqptv­°¢pÛj x^x egluekoqpluoµln\t`q`ow_a`lnzek|jwi|oqp^vzlunjwegplvzlnjmln` x ekp9vz`|lnegoqp
 )§¡D`B\^j¤w`jwigvuoljw±m`p¾egplno²jm||owh^plj|oqp^vlnujwekpljw«owhtl8lu\^`2ln\^eg|±Kp^`vzv.ow¥lu\^`jwegz¥¦oweki¸
ln\t`alu\^ek|±Kp^`vuvom¥§ln\t`  áfÃ{ÃKÃÛjwek¥¦oqegiekvs^u`vu`z¤q` x ¡eglu\j"\ ?_aj)~fek_*h^_,¤mjwuekjmlnegoqpä­  º`
¡egiki#vu`` egp6lu\^`¥¦oqikigo¡ekpt8ln\^jmlln\^`i j)luln`|oqp^vlnnjmekplsoqvz`vja|\^jwikig`ptqekpts^uow«^ik`_ ¥¦oq&ln\^`
s	jwujwigik`ikeg¨Ijmluekowpä­É[&\^`Ûjwp^qig`9ow¥jmlzljw|±Æekvjwikvzo²ljw±m`pjwv.js	jmnjw_"`lu`µluo²«`Boqstlneg_"ek¨` x )
ò¦ó$ôõò¦ö
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¥¦h^p^|lnegoqpBom¥ln\t`*|oq_"s^htln` x lu\^ek|±Kp^`vuvjmp x lu\^`*|oqp^vlnnjmekploqp6lu\^`ike ¥ l|of`Ra|eg`plI­îr¥ ln` P
q`p^`ujmlnegoqp^v)fln\t`vu\^jws`\	jwvD«``p._"o x eg³	` x jwp x ln\^`vu\^o{|±8\^jwv§«O``pp^owlnjw«^i y8z` x ht|` x Ô¦vu``
beg^­¶qXÚú­²[&\^`2ekpteglue jwijmp x ³^p	jwi§¬	o¡vBÔÕegvuom£â®Bjw|\ ¤mjwikht`vÚ"jwz`.s^u`vu`plu` x oqp begqh^z`Ût­
begp	jwigigy )^ln\^`egp^e lnekjwi#jwp x ³	p	jmiä¤wjmikh^`vow¥ 1·jwp x 1.jwz`¸
1 @ 9    1 & P  (P 1 9   1 & P  P 1
1
)  ) 1 & P  P(PM 1 9   1 & P  PP  
hdb.vigie.interm
b$ekqhtu`"t¸  oq_"s^hfljmluekoqp^jwiä_"`vz\ª¥¦oqj  átÃ{ÃKÃ.jwek¥¦oqegi
 6  =)"=  <" H)"  =. "%$,. %$
 	   .æ	æ X*, æ º^
õ
 jwig|h^ikjmluekoqptvB\	jI¤q`º«``pRsO`¥¦oqu_"` x oqpÜlu\^`¯¥¦oqigigoX¡egp^Ævzy{vzlu`_"v²¸¶j¾¹»	¼¶½¿	ÀXÁGÀXÂ ÃKÅ{ÅKÅ
ÔÕ`ðKh^eksts` x ¡e ln\ÛÈÀ à  ÅKÅ{ÅKÅf× 	 È{Ø{Ù9s^zof|`vzvuoqzvÚ )$j9¼XÇKÈ ¹qÊOËmÃ²Ô¦`ðKh^egs^s` x ¡e ln\  À à
ÊfÃK¹t×  ÃKÅÈKØfÙas^zof|`vuvzoquvnÚ®ª°®BÌRvy{vzln`_"vjmp x jwp8`~fs`ueg_"`pljwiMÊtÏwÂKÐOÀÑÒÉÊf¿tÓ.ÔÕÊfÖf×qÃ{ÅKÅ
ÈKØ{Ù )fuh^ptp^ekpt ln\^` !õ°â´ Üvzy{vln`_8Ú§|ikh^vln`D¡\^`u`lu\^`egpln`z|oqptp^`|lnegoqp.ekvDu`jwikeg¨` x ln\tuoqh^w\
Þ^ß{à Ð{áÐKØtÏK¿qÂtÏwÐÜÔwÛ®ª«^e lnvã)vÚvz¡e ln|\^`v­[&\t`6p^jmlne ¤q`6®B°ek_"s^ig`_"`pKlnjmlnegoqp^va\	jI¤q`2«O``p
h^vz` x oqpµlu\^`¹»	¼¶½¿	ÀXÁGÀXÂÉÃ{ÅKÅKÅjwp x ¼XÇÈÉ¹qÊGËmÃ"vy{vzln`_"v¡\^ekig`®B°  I w­k}\^jwv§«O``ph^vu` x
oqp2ln\^`ÊfÏwÂ{ÐOÀÑqÒÄÊ{¿tÓa|igh^vzlu`­§$`z¥¦oqz_8jmp^|`*u`vzh^i lnvjwu`qe ¤q`p6¥¦oqwba«^e l}jwzeglu\^_"`luek||oq_£
s^htlnjmlnegoqp^v­  ¯`|ow_as^jwu`luek_"egp^Û_a`jwvuhtu`v¥¦oq*ln\^`.o¤q`njwigi&oqstluek_"eg¨Ijmluekowp²h^vuegp^oqp^`.jwp x
l¢¡Dos^uo{|`vuvquoqhts^v­[&eg_"ekptqvjwz`weg¤w`pB¥¦oqj³t~f` x pKh^_*«`}ow¥ w`p^`njmluekoqptvÔÕw`p^`njwigigy ) \
ô#ô h úû 
   e  S V W-! e	  7 E
-0.08
-0.06
-0.04
-0.02
0
0.02
0.04
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0 0.2 0.4 0.6 0.8 1
Initial shape : RAE2822
Shape - 1st generation
Optimized shape
begqh^u`wq¸SÌnjm8z` x h^|lnegoqp¸Uegp^e lnekjwi )^³	uvlw`p^`njmluekoqp6jwp x oqsflneg_aeg¨` x jwegz¥¦owekigvÔÕh^s	Ú
-1.5
-1
-0.5
0
0.5
1
1.5
0 0.2 0.4 0.6 0.8 1
Initial shock - RAE2822
shock reduction
b$ekqhtu` 'f¸SÌnjwau` x h^|luekowp¯¸Segp^eglue jmiõjwp x oqstluek_"eg¨` x s^u`vuvzh^u`|o{`aRa|eg`pl
ò¦ó$ôõò¦ö
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begqh^u`It¸SÌnjm8z` x h^|lnegoqp¸Uegp^e lnekjwiõjwp x oqsflneg_aeg¨` x ¬	o¡v*ÔÕvln`j x y2egvuom£â®Bjw|\6ikegp^`vnÚ
oqstluek_"eg¨Ijmluekowp.eglu`nj)lnegoqp^vÚú­S°¢pln\^`}lnjw«^ig`v«O`igo¡ )  jwp x    z`vzs`|lne ¤q`igy x `p^owlu`}ln\^`p{ht_£
«O`ow¥ stuo{|`vzvwuoqh^stvjmp x lu\^`lnowlnjwiõpKh^_ «O`row¥ stuo{|`vzvu`vÔ  & 1"jwp x    &  _"`Ijmp^v('s^zof|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¤qowig¤w`6«y¯_"`Ijwp^v ow¥&ln\^`µq`p^`lneg|.oqsO`nj)lnoqzv)
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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&ln\^`qnj x ek`pKl_a`ln\^o x |Ijmp
«O`egp^|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pKluv ow¥fln\^`Us^u`vu`pKl$¡§owu±jwz`D|oqp^|`up^` x
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h^njmlu`Su`stu`vz`plj)lnegoqpow¥{ln\^`Ss^\y{vueg|IjmiK¥¦`jmlnhtu`vow¥{ln\^`
¬	o¡ ¡egigi«`"jw|\tek`¤q` x «Kyvuoqi ¤{ekp^2ln\t`8´jI¤feg`â£d{luoq±w`v*`ðKh	jmlnegoqp^v|oqh^s^ig` x lno6jlnh^z«^h^ig`p^|`
_"o x `iÕ­ d{`|owp x )Dlu\^`2`aRa|eg`pt|y·ow¥lu\^`.¬	o¡ vzoqikhflnegoqpÆ|oqh^i x «O`2p^owlnjw«^i y²ek_"s^zo¤q` x Ô¦lu\{htv
u` x h^|ekp^lu\^`o¤q`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